Introduction
Atrial fibrillation (AF) is the most common sustained cardiac rhythm disturbance in adults and the leading cardiac cause of morbidity and mortality [1] . Dual-chamber pacemakers (PM) have the ability to document even brief episodes of AF [2] . Assessment of the prevalence of silent paroxysmal AF is still a challenge, especially in patients without symptoms [3, 4] . The presence of AF increases the risk of stroke and embolism. One-quarter of ischaemic strokes are of unknown cause, usually designated cryptogenic, and undiagnosed AF may be a potential aetiological factor. While AF typically presents with palpitations, dyspnoea, chest pain, and fatigue, it may also be asymptomatic [5, 6] Most of these episodes are short and asymptomatic and would not be detected by ways other than a pacemaker [7] . The detection of undiagnosed atrial tachycardia/atrial fibrillation (AF) could be useful for primary prevention of consequences and complications such as stroke, by including early treatment and intervention. The application of anticoagulation therapy in asymptomatic patients with device-detected AF and the CHA2DS2VASc score should be recommended and could prevent stroke.
AF episodes with implanted devices lasting ≥5 minutes have been proven to be an independent predictor of death or nonfatal stroke in these patients [7] . All available data supporting the use of oral anticoagulation for stroke prevention in AF have been obtained from patients with clinically diagnosed (ECG documented) AF [8, 9, 10] . It is still unknown how many patients with PM-detected AF have indications for anticoagulation therapy.
The aim of this study was to document the prevalence of pacemaker-detected AF in patients without atrial arrhythmias before implantations and to estimate the CHA2DS2VASc score to start anticoagulation therapy.
We sought to document frequency of AF, time to new diagnosis dtetermined by pacemaker data storage as well as clinical and echocardiographic risk predictors for development of pacemaker-detected AF.
Methods
Patients after de novo implantation of dual-chamber PM capable of documenting atrial tachycardia (AT) without a history of paroxysmal atrial tachyarrhythmia were included in this study. Manufacturer-specific nominal settings for AT detection were typically employed. AT episodes were defined as atrial burden episodes (AFburden). Exclusion criteria were the following: replacement devices, any documented AT episode before implantation, unable or unwilling to consent. Patients were followed up at 3.6 and 12 months after implantation. Diagnostic information with AT/AF burden measurements was collected and presence of symptoms was noted at every follow-up visit. In every patient confirmation of AT with intracardiac electrocardiogram (IEGM) was programmed to record the maximum number of recorded episodes of high frequency atrial episodes. Episodes of AT were classified as atrial fibrillation only if all recorded episodes in IEGM were evaluated and confirmed by the physician as AF.
The following data were analysed: age, gender, BMI, NYHA class, indication for implantation (divided into three groups: bradycardia-tachycardia syndrome, sick sinus syn-drome (SSS), atrioventricular block (AVB)), coexisting diseases such as coronary artery disease, past myocardial infarction, diabetes, hypertension, stroke, and pharmacotherapy. Echocardiograms were performed before implantation and 1 year after, and they were interpreted by a single reader, blinded to the presence of pacemaker-detected AT. The following echocardiographic measures were evaluated: left and right atrium dimensions, ejection fraction, left ventricular systolic diameter, left ventricular diastolic diameter, right ventricular diastolic diameter, mitral regurgitation, and tricuspid regurgitation. Regarding data retrieved from the pacemaker memory, AF burden %, atrial pacing % (AP%) and ventricular pacing % (VP%) were documented at every visit.
Normality of the data set was tested using the Shapiro-Wilk test. Quantifiable variables were expressed as mean ± standard deviation (SD) or median and inter-quartile range (IQR) depending on the results of the normality test. Differences between two independent samples for continuous clinical data were analysed using Student's t-test and the Mann-Whitney U test. For categorical variables statistical analysis was based on the chi-squared test and chi-squared test with Yates' adjustment. Risk predictors with a p value <0.05 in univariate analyses were included in the multivariate logistic regression model. The results were considered significant for p<0.05. STATISTICA 10 and SPSS 21 software packages were used to analyse the data.
Results

Prevalence and frequency of AF:
In the study there participated 61 patients without clinical history of AF. In 24 out of 61 (39%) patients the indication for implantation was SSS and in 37 (61%) it was AV block. During the 12-month follow-up AF was detected by the pacemaker in 11 of 61 (18%) patients -in 5 patients with SSS and in 6 with AV block. So in 18% pacemaker detection of AF was the first paroxysmal atrial tachyarrhythmia diagnosis.
No persistent or permanent AF was diagnosed during the 12-month follow-up.
Time to detection of AF:
The average time to detection of AF episodes was 2.3 ± 4.3 months from the beginning of the follow-up. The majority of AF episodes were detected after 3 months -in 5 (45%) out of 11 patients. Next 4 cases (36%) of AF burden were detected at 6 months and 2 patients at the 12-month follow-up.
Symptoms such as palpitations and dyspnoea at any of the follow-ups were reported in 6 (54%) out of 11 cases.
Symptoms were reported by significantly more women than men (89% vs 11%, p=0.005). Asymptomatic episodes (pacemaker-detected AF without symptoms reported from the patient during any of the follow-ups) occurred in 5 patients (2 men and 3 women).
Risk factors of AF:
Multivariate analysis showed that clinical factors such as age, BMI, NYHA class, coexisting diseases such as coronary artery disease (CAD), past myocardial infarction (MI), diabetes (DM), hypertension (HA) and stroke, as well as pharmacotherapy, were statistically nonsignificant as risk factors for AF. The comparison of clinical data is shown in Table 1 .
There was no significant difference in echocardiographic parameters (left and right atrial dimensions (LA, RA), ejection fraction (EF), left ventricular systolic diameter (LVsD), left ventricular diastolic diameter (LVdD), right ventricular diastolic diameter (RVdD), mitral regurgitation (IM), tricuspid regurgitation (IT)) between the group with pacemaker-detected AF and the group without pacemaker-detected AT. ECHO parameters are shown in Table 1 . Data retrieved from pacemaker memory -atrial pacing % (AP%) and ventricular pacing % (VP%) -were statistically nonsignificant.
CHA2DS2-VASc risk score:
In every patient with AF detected the CHA2DS2-VASc score was ≥3. It was 3 in 5 patients, 4 in 2 patients, 5 in 1 patient, 6 in 2 patients and 7 in 1 patient.
The CHA2DS2-VASc risk score for susceptibility to the development of thrombo-embolic complications in all patients with AF was ≥1, which means oral anticoagulant therapy was indicated in all these patients, since the diagnosis of AF was made.
Oral anticoagulant OAC therapy was given to 8 patients (77%) who experienced AF. In the majority of patients (in 4 patients) OAC was introduced at 3 months of follow-up, in 3 patients at 6 months of follow-up, and in 1 patient at 12 months of follow-up. During the follow-up period none of the patients developed any thrombo-embolic complications.
Discussion
The main finding of our study was that newly detected AF during the first year after implantation was documented in more than 18% of patients. In all of these patients the CHA2DS2-VASc risk score was ≥3 with the indication for OAC, but OAC was given only to 8 out of 11 patients. In 2 patients because of very high risk of haemorrhage, with a history of serious bleeding, OAC were not started. One patient refused. Possibly due to detection of asymptomatic AF episodes and early treatment of OAC during the follow-up period none of the patients developed any thrombo-embolic complications. In terms of symptoms, analysis of data stored by the pacemaker showed that AF episodes often do not correlate with complaints.
Pacemaker diagnostic data with intraatrial EGMs can diagnose specific atrial tachyarrhythmias and identify other pacemaker-sensed events [11] . The diagnostic accuracy of pacemaker and ICDs with an atrial lead is very high, with appropriate detection of 95% of AF episodes, while for implantable loop recorders the specificity is about 85% [12] . Our findings correlate with other studies with higher numbers of patients included. Ziegler et al. [13] documented that continuous PM-based monitoring identified newly detected AF in 30% of patients with stroke risk factors and episodes occurred sporadically, highlighting the difficulty in detecting paroxysmal AF using traditional monitoring methods such as ECG or 24-hour Holter ECG monitoring [10] . In the Yedlapati et al. study which included 728 patients with DDD pacemakers, 26% out of 66 patients with AF recorded were newly discovered to have AF, which was similar to our finding [14] . The importance of first-year observation was also noted by Nagarakanti et al. The time to the first, second, and third persistent AT recurrences progressively decreases with a high likelihood of established persistent AT within 9 months of onset [15] . It was also documented that AF burden increases progressively over the long term [15] .
Patients with AF are more likely to have adverse clinical outcomes, including a higher incidence of stroke, death, and subsequent AF than patients without AF [1] . Analysis showed that in a relatively unselected population of patients with arrhythmia detecting devices, daily AF burden is associated with an increased risk of ischaemic stroke or TIA even after adjustment for use of oral anticoagulants [16] . These data add to current evidence that measuring daily AF burden may have important clinical relevance and support the search for specific thresholds of AF burden associated with a substantial increase in the risk of stroke [17, 18] . Integration of AF presence/duration/ burden has the potential to contribute to improved clinical risk stratification, and its aid to clinical decision-making should be tested prospectively [19, 20] . About 25-30% of patients presenting with strokes have AF that was not previously recognized [21] . Furthermore, AF has been reported to be associated with substantial deterioration in attention and memory, even in the absence of a history of stroke and obvious defects on computer tomograms. The stroke risk conferred by paroxysmal AF has not been well characterized but has been claimed to be the same as continuous AF. This establishes the need for better detection of atrial arrhythmias, and device-based monitoring gives us the possibility for continuous rhythm control compared to traditional ECG or 24-hour Holter ECG monitoring. Unfortunately the short-term follow-up in our study resulted in absence of clinical events (e.g. stroke or death), so we could not assess the risk of adverse events. Data from the TRENDS study do not allow us to define a "safe" AF burden threshold that confers a risk no greater than that of zero AF burden [6] . In this study there was also no threshold for AT/AF burden episodes.
One of the study findings is that there are no clinical predictors of AF. Healey et al. found no, other than older age, clinical predictors of pacemaker-detected AT in a group of 445 patients with no previous history of AF and a high percentage (50%) of device-detected AT [2] . Among patients with symptomatic bradycardia and a history of atrial fibrillation, symptoms of atrial fibrillation often were not associated with documented atrial tachyarrhythmias (positive predictive value 17% in the Strickberger SA study), and more than 90% of atrial tachyarrhythmias were clinically silent (AT/AF episodes without symptoms such as palpitations or dyspnoea reported by the patient) [17] . In our study asymptomatic episodes occurred in 5 patients (44%). Due to the symptoms reported by patients without a recorded atrial burden, the association of episodes and symptoms is uncertain.
Study Limitations
The results of this single-centre study may not be directly applicable to other practice settings. The study was limited to patients with pacemakers with normal ejection fraction. Atrial undersensing can occur during AT/AF episodes, which can lead to failure to detect AT/AF burden episodes. Based on pacemaker diagnostics and short IEGM recording it can also be difficult to differentiate AF from other forms of atrial arrhythmias. Additionally, it would be very beneficial to use telemedicine to detect AF episodes as soon as possible. Remote monitoring provides a very short reaction time to AF alerts [22.23] . Finally, our study is limited by the short-term follow-up resulting in absence of clinical events (e.g. stroke or death).
Conclusions
The diagnostic accuracy of a pacemaker with an atrial lead is very high and pacemaker detection of AT is often the first paroxysmal atrial tachyarrhythmia diagnosis. Newly detected AT/AF during first year after implantation was documented in more than 15% of patients, and no clinical characteristics in patients without a history of AF prior to implantation were associated with pacemaker-detected AF. In all patients with AT according to the CHA2DS2-VASc score indications for anticoagulation therapy were found.
Frequent follow-ups during the first year after implantation are very important for new diagnosis of arrhythmias thanks to the possibilities of patients' continuous monitoring by means of implantable cardiac devices.
